4' 



(19) 




Europilsches Patentamt 
European Patent Office 
Office europeen des brevets 




1111111 




(11) 



EP 1 170 897 A1 



(12) 



EUROPEAN PATENT APPLICATION 



(43) Date of publication: 

09.01.2002 Bulletin 2002/02 

(21) Application number 00114423.7 

(22) Date of filing: 05.07.2000 



(51) mtci7: H04L 1/06, H 04 L 27/26 



(84) Designated Contracting States: 

AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 
MC NL PT SE 

Designated Extension States: 
AL LT LV MK RO SI 

(71) Applicant: Sony International (Europe) GmbH 
10785 Berlin (DE) 



(72) Inventors: 

• Wang, Zhaocheng, 

Adv. Technology Center Stuttgart 
Hedelfinger Strasse 61 , 70327 Stuttgart (DE) 

• Stirling-Gallacher, Richard, Ad. Tech. Stuttgart 
Hedelfinger Strasse 61 , 70327 Stuttgart (DE) 

(74) Representative: Korber, Martin, Dipl.-Phys. et al 
Mitscherlich & Partner, Patent- und 
Rechtsanwalte, Postfach 33 06 09 
60066 Munchen (DE) 



(54) Pilot pattern design for a STTD scheme in an OFDM system 



(57) The present invention relates to a transmitting 
device and a receiving device in a wireless orthogonal 
frequency division multiplex (OFDM) communication 
system with space time transmit diversity (STTD). Fur- 
ther, the present invention relates to a channel estima- 
tion method for performing a channel estimation in such 
a wireless communication system, in which the trans- 
mitting device comprises a first and a second antenna 
for transmitting signals with space time transmit diver- 
sity. The first and the second antenna means are ar- 



ranged spaced apart from each other in a space diver- 
sity arrangement, whereby first and second pilot sym- 
bols are transmitted via said first and said second an- 
tenna means, respectively. Some of the second pilot 
symbols are orthogonal to corresponding ones of the 
first pilot symbols, so that a channel estimation to sep- 
arately determine the transmission quality of signals 
transmitted from the first and the second antenna 
means, respectively, can be performed in a receiving 
device which receives the signals with only one single 
antenna. 
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Description 

[0001] The present invention relates to a transmitting 
device and a receiving device of a wireless orthogonal 
frequency division multiplex (OFDM) communication 
system with space time transmit diversity (STTD). Fur- 
ther, the present invention relates to a channel estima- 
tion method for performing a channel estimation in a 
wireless OFDM communication system in which a trans- 
mitting device comprising a first and a second antenna 
transmits signals with space time transmit diversity. 
[0002] In wireless telecommunication, the transmis- 
sion quality between a transmitting device, such as a 
base station, and a receiving device, such as a mobile 
terminal, depends strongly on the respective transmis- 
sion environment and is often deteriorated by fading ef- 
fects and the like. This often leads to poor speech and 
data transmission quality, particularly if only one single 
antenna is used on the transmission side and one single 
antenna is used on the receiving side. Therefore, some 
mobile terminals for wireless telecommunication sys- 
tems, such as the GSM system, comprise two or more 
and different kinds of antennas built as internal or exter- 
nal antennas in the mobile terminal. However, it is de- 
sirable that modern mobile terminals are as small and 
light as possible and therefore it is an increasing interest 
to use only a single antenna in these mobile terminals. 
In order to allow the use of only a single antenna on the 
receiving side, particularly the mobile terminal side, it 
has been proposed to use more than one antenna on 
the transmitting side, particularly the base station side, 
so that the diversity gain can be used for a better trans- 
mission quality. This scheme is called transmit diversity. 
Transmit diversity generally means that more than one 
antenna, e.g. two antennas, transmit data simultane- 
ously to a receiving device. If the same data are trans- 
mitted in parallel by two antennas, the receiving side has 
a chance to receive signals at least from one of the an- 
tennas with an acceptable transmission quality so that 
a good connection can be ensured. One specific ap- 
proach in the transmit diversity scheme is the use of a 
so-called space time coding. The resulting space time 
transmit diversity (STTD) has been adapted and is part 
of the UMTS standard for the next generation of mobile 
telecommunication. 

[0003] In a space time transmit diversity system, a 
transmitting device, such as a base station, comprises 
e.g. two antennas arranged spaced apart from each oth- 
er in a space diversity arrangement. A stream of data to 
be transmitted to a receiving device, such as a mobile 
terminal, is encoded and processed so that two parallel 
data streams are generated. 

[0004] After further processing corresponding to the 
respective wireless communication system, the data of 
each of the two data streams are transmitted by a re- 
spective one of the two antennas. Although generally 
the same data content is transmitted by each of the two 
antennas, the signals transmitted by the two antennas 



2 

are not absolutely identical, but data symbols to be 
transmitted are mapped or coded slightly differently on 
the signals transmitted by each of the antennas. This 
allows a receiving device receiving the signals transmit- 

s ted from the two antennas with only a single antenna to 
distinguish and separate signals coming from one of the 
transmitting antennas from signals coming from the oth- 
er of the transmitting antennas. Since the two transmit- 
ting antennas are arranged in a space diversity arrange- 

10 ment, cross interference is avoided and the receiving 
device can then, after a corresponding channel estima- 
tion, distinguish and combine the signals from the two 
transmitting antennas to obtain a better transmission 
quality. The channel estimation in the receiving device 

15 is usually performed on the basis of pilot symbols trans- 
mitted from the transmitting device. The receiving de- 
vice performs a channel estimation by comparing re- 
ceived pilot symbols with an expected pilot symbol to 
measure the channel response and to tune the receiving 

20 device to the best transmission channel, i.e. the trans- 
mitting antenna to which the better connection exists. 
[0005] The above-mentioned UMTS system bases on 
a code division multiple access (CDMA) scheme. The 
CDMA scheme is only one of several possible multiple 

25 access schemes used in wireless telecommunication. 
For wireless telecommunication with high data rates, the 
orthogonal frequency division multiplex (OFDM) 
scheme is known, in which the available frequency band 
used for a communication is divided in a plurality of fre- 

30 quency subcarriers, whereby adjacent frequency sub- 
carriers are respectively orthogonal to each other. 
[0006] The object of the present invention is now to 
propose a transmitting device and a receiving device for 
a wireless OFDM communication system with space 

35 time transmit diversity as well as a channel estimation 
method for such a communication system, which allow 
a simple and effective channel estimation to be per- 
formed. 

[0007] This object is achieved by a transmitting device 

40 for transmitting signals in a wireless OFDM communi- 
cation system with STTD according to claim 1. The 
transmitting device according to the present invention 
comprises encoding means for encoding a data stream 
on the basis of a STTD scheme and outputting a first 

45 and a second STTD encoded data stream, a first and a 
second antenna means for transmitting the data of the 
first and the second data stream, respectively, in OFDM 
signals, said first and said second antenna means being 
arranged spaced apart from each other in a space di- 

50 versity arrangement, pilot symbol generating means for 
generating pilot symbols to be transmitted among said 
data of said first and second data stream, whereby first 
pilot symbols are transmitted via the first antenna and 
second pilot symbols are transmitted via said second 

55 antenna, some of said second pilot symbols being or- 
thogonal to corresponding ones of said first pilot sym- 
bols. 

[0008] The above object is further achieved by a re- 
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ceiving device for receiving signals in a wireless OFDM 
communication system with STTD according to claim 8. 
The receiving device according to the present invention 
comprises a single antenna means for receiving STTD 
encoded signals transmitted from a first and a second 5 
space diversity antenna means of a transmitting device 
of the OFDM communication system, said first and said 
second space diversity antenna means transmitting cor- 
responding pilot symbols in said STTD encoded signals, 
whereby at least a part of the pilot symbols transmitted 10 
from the second antenna means is orthogonal to corre- 
sponding pilot symbols transmitted from the first anten- 
na means, processing means for detecting pi lot symbols 
in the received STTD encoded signals, for processing 
detected pilot symbols and performing a channel esti- is 
mation on the basis of said processing to separately de- 
termine the transmission quality of STTD encoded sig- 
nals transmitted from said first and said second antenna 
means, respectively. 

[0009] Further, the above object is achieved by a 20 
channel estimation method according to claim 13 for 
performing a channel estimation in a wireless OFDM 
communication system, in which a transmitting device 
comprising a first and a second antenna transmits sig- 
nals with STTD, said first and said second antenna 25 
means being arranged spaced apart from each other in 
a space diversity arrangement, whereby the channel es- 
timation method comprises the steps of transmitting first 
;and second pilot symbols via said first and said second 
^antenna means, respectively, some of said second pilot 30 
^symbols being orthogonal to corresponding ones of said 
ifirst pilot symbol, receiving said pilot symbols in a single 
antenna of a receiving device, processing received pilot 
symbols and performing a channel estimation on the ba- 
sis of said processing to separately determine the trans- 35 
mission quality of STTD encoded signals transmitted 
from said first and said second antenna means, respec- 
tively. 

[0010] The proposed scheme of transmitting, receiv- 
ing and processing first and second pilot symbols allows 40 
a simple and effective channel estimation processing to 
be performed on the receiving side so that a better co- 
herent demodulation of the transmission channel can be 
performed to ensure the best transmission quality. Par- 
ticularly, the present invention ensures full space and 43 
time diversity. Further, no feedback Information from the 
receiving side to the transmitting side is required and an 
improved data transmission capacity can be realised. 
Further, the proposed system is robust to transmission 
antenna failures and guarantees power amplifier bal- so 
ance on the transmitting side. 

[001 1] Further advantageous features are claimed in 



the respective subclaims. 

[0012] Advantageously, the corresponding first and 
second pilot symbols transmitted from the first and the 
second antenna means of the transmitting device, re- 
spectively, have the same frequency and time allocation 
in the OFDM system. In other words, corresponding first 
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and second pilot symbols are transmitted in the same 
subcarrier and in the same time slot of the OFDM sys- 
tem. Hereby, the first and the second pilot symbols ad- 
vantageously are alternatively identical and orthogonal 
to each other in the frequency as well as in the time di- 
mension. This means that in the frequency and time grid 
of the OFDM system, identical first and second pilot 
symbols and orthogonal first and second pilot symbols 
alternate with each other in the frequency as well as in 
the time dimension. 

[0013] It has to be clarified at this point that the single 
antenna of the receiving device receives the first pilot 
symbols transmitted from the first antenna means and 
the second pilot symbols transmitted from the second 
antenna means of the transmitting device only as a com- 
bined or superimposed pilot symbol. In case that the first 
pilot symbol and the second pilot symbol transmitted in 
the same frequency subcarrier and the same timepoint 
are identical, the receiving device receives a combined 
pilot symbol comprising the superimposed identical first 
and second pilot symbol. In case that the first and sec- 
ond pilot symbol are orthogonal to each other, the re- 
ceiving device receives a combined pilot symbol com- 
prising the superimposed orthogonal first and second 
pilot symbol. In the receiving device, the transfer func- 
tion of the first and the second pilot symbol, respectively, 
can therefore be separated so that the respective chan- 
nel estimation for each of the two transmission antennas 
can be performed in a simple way. 
[0014] Advantageously, the second pilot symbols al- 
ternately have the identical and the inverse complex val- 
ue of the corresponding first pilot symbol in the time as 
well as in the frequency dimension, so that the process- 
ing and the channel estimation on the receiving side can 
be performed on a basis of a simple addition and sub- 
traction calculation of the received pilot symbols. On the 
basis of the channel estimation result, both the STTD 
encoded signals from the first antenna means and from 
the second antenna means of the transmitting device 
are further processed and used as the communication 
data in the receiving device. 

[0015] The transmitting device according to the 
present invention can e.g. be implemented in the base 
station of a OFDM communication system and the re- 
ceiving device according to the present Invention can e. 
g. be implemented in a mobile terminal of a OFDM com- 
munication system. 

[0016] In the following description, the present inven- 
tion is explained in more detail in relation to the enclosed 
drawings, in which 

figure 1 shows schematically a base station com- 
prising a transmitting device according to the 
present invention, 

figure 2 shows schematically a mobile terminal 
comprising a receiving device according to the 
present invention, 
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figure 3A and 3B a first and a second example, re- 
spectively, of a pilot symbol pattern transmitted by 
a first antenna means of a transmitting device ac- 
cording to the present invention, and 



figure 4A and 4B a first and a second example, re- 
spectively, of a pilot symbol pattern transmitted by 
the second antenna means of the transmitting de- 
vice according to the present invention. 

[001 7] In figure 1 , the block diagram of a base station 
1 of a wireless orthogonal frequency division multiplex 
(OFDM) communication system is shown, which com- 
prises a transmitting device according to the present in- 
vention. It is to be understood that in figure 1 only ele- 
ments important for the understanding of the present in- 
vention are shown. Further elements, such as coding 
means, modulation means, RF part and the like neces- 
sary for the operation of the base station are omitted for 
the sake of clarity. 

[001 8] The base station 1 comprises a first antenna 5 
and a second antenna 6 being arranged spaced apart 
from each other in a space diversity arrangement. 
Therefore, the first antenna 5 may also be called a non- 
diversity antenna and the second antenna 6 can also be 
called a diversity antenna. The space diversity arrange- 
ment of the first antenna 5 and the second antenna 6 is 
so that the two antennas 5 and 6 are sufficiently sepa- 
rated in space, so that the signals transmitted by the first 
antenna 5 and the second antenna 6, respectively, are 
uncorrected and an effective diversity gain can be 
achieved on the receiving side. 
[001 9] Further, the base station 1 comprises a encod- 
ing means 3 for encoding a data stream on the basis of 
a space time transmit diversity (STTD) scheme and out- 
putting a first and a second STTD encoded data stream 
to a multiplexer 4. The first STTD encoded data stream 
is to be transmitted via the first antenna 5 and the sec- 
ond STTD encoded data stream is to be transmitted via 
the second antenna 6. Although the data transmitted 
from the first antenna 5 and the second antenna 6 are 
generally the same data, i.e. contain the data of the sin- 
gle data stream supplied to the encoding means 3, the 
data are not transmitted identically by the two antennas 
5 and 6. For example, the data transmitted by the first 
antenna 5 identically correspond to the data arrange- 
ment of the single data stream supplied to the encoding 
means 3. If, e.g. a first data symbol S 1 in a time period 
0-T and a second data symbol S 2 in the succeeding time 
period T-2T are supplied to the encoding means 3, the 
first data stream output by the encoding means can 
identically correspond to that arrangement (data symbol 
S, followed by data symbol S 2 ). The second data stream 
output by the encoding means 3, however contains the 
data symbols S! and S 2 in a different arrangement. For 
example, as shown in figure 1, in the second data 
stream, the data symbol of the first time period 0-T could 
be the negative complex conjugated value of the second 



data block S 2 of the first data stream, i.e. -S* 2 . The next 
succeeding data symbol of the second data stream is 
the conjugated complex value of the first data symbol 
S 1 of the first data stream, i.e. S%. Thus, the second 
5 data stream contains the identical data content as the 
first data stream, but in a different arrangement. A re- 
ceiving device receiving the signals from the first anten- 
na 5 and the second antenna 6 as superimposed signals 
is therefore able to clearly distinguish between the sig- 
10 rials transmitted from the first antenna 5 and the signals 
transmitted from the second antenna 6 due to the space 
diversity arrangement and the different arrangement of 
the same data content. It is to be understood that the 
space time transmit diversity scheme shown in and ex- 
's plained in relation to figure 1 only serves as an example 
to explain the present invention. Any other STTD 
scheme for transmitting data via the first antenna 5 and 
the second antenna 6 can be applied. 
[0020] The base station 1 further comprises a pilot 
20 symbol generating means 2 for generating pilot symbols 
to be transmitted among the data of the first and the sec- 
ond data stream by the first antenna 5 and the second 
antenna 6. Thereby, the pilot symbol generating means 
2 generates and supplies different pilot symbol patterns 
2s to be transmitted via the first antenna 5 and the second 
antenna 6, respectively, to the multiplexer 4. The gen- 
eral idea of the present invention is that some of the pilot 
symbols transmitted by the first antenna 5 and the sec- 
ond antenna 6 are orthogonal to each other so that the 
30 cross-interference from both antennas 5 and 6 is elimi- 
nated, the signals from the first, (non-diversity) antenna 
5 and the second (diversity) antenna 6 can be differen- 
tiated and consequently a separate channel estimation 
for each antenna 5, 6 can be achieved in a receiving 
35 device. 

[0021] Figure 2 shows a schematic block diagram of 
a mobile terminal 10 comprising a receiving device for 
receiving signals in a wireless OFDM communication 
system with STTD according to the present invention. 
40 Particularly, the mobile terminal 1 0 is adapted to receive 
signals from a base station 1 as shown in figure 1 . 
[0022] The mobile terminal 1 0 comprises a single an- 
tenna 11 for receiving STTD encoded signals as well as 
pilot symbols transmitted from the first antenna 5 and 
45 the second antenna 6 of the base station 1 . Further, the 
mobile terminal 10 comprises a receiving means 12, 
which comprises e.g. the necessary RF part and the like. 
Further, the mobile terminal 10 comprises a demodula- 
tion means for demodulating signals received by the re- 
50 ceiving means 12 via the antenna 11 . It is to be under- 
stood that the mobile terminal 10 further comprises all 
necessary elements to be operated in the correspond- 
ing wireless OFDM system. However, these elements 
are not shown for the sake of clarity. 
55 [0023] The mobile terminal 10 further comprises a 
processing means 14 for detecting pilot symbols in the 
signals received by the receiving means 12 via the an- 
tenna 1 1 . The processing means 1 4 processes detected 
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pilot symbols and performs a channel estimation on the 
basis of the processing to separately determine the 
transmission quality of the received signals transmitted 
from the first antenna 5 and the second antenna 6, re- 
spectively. In other words, by processing the received 
pilot symbols, which are combined pilot symbols com- 
prising the first and the second pilot symbols simultane- 
ously transmitted by the first antenna 5 and the second 
antenna 6, the processing means 1 4 is able to separate- 
ly determine the transmission quality of the signals 
transmitted from the first antenna 5 and the transmission 
quality of the signals transmitted from the second an- 
tenna 6. On the basis of this channel estimation result, 
both the STTD encoded signals from the first antenna 
5 and from the second antenna.6 are further processed 
and used as communication data in the mobile terminal 
10. 

[0024] As stated above, at least some of the second 
pilot symbols transmitted from the second antenna 6 are 
orthogonal to corresponding first pilot symbols transmit- 
ted by the antenna 5. The processing performed in the 
processing means 14 bases on this orthogonality of the 
first and the second pilot symbols and enables the sep- 
arate channel estimation for the first and the second an- 
tenna 5 and 6, respectively. In relation to figures 3 and 
4, a specific example for pilot symbol patterns to be 
transmitted by the base station 1 and to be received and 
processed in the mobile terminal 10 are proposed. 
? [0025] Figure 3 comprises two figures 3A and 3B. Fig- 
ure 3A shows a first example of a pilot symbol pattern 
to be transmitted by the first (non-diversity) antenna 5 
xtof the base station 1 . The shown pilot symbol pattern 
has a regular distribution in the time and the frequency 
dimension of the OFDM system. The pilot symbols 20, 
21 , 28 are always transmitted in the same frequency 
subcarriers and in equidistant timepoints. For example, 
the pilot symbols 20, 21 and 22 are transmitted in a first 
frequency subcarrier, whereby respectively four data 
symbols are transmitted between adjacent pilot symbols 
20, 21 and 21 , 22. Pilot patterns 23, 24 and 25 are trans- 
mitted in a second frequency subcarrier and the pilot 
symbol 26, 27 and 28 are transmitted in a third frequen- 
cy subcarrier. Thereby, the pilot symbols 20, 23 and 26 
are transmitted at the same first timepo in t, the pilot sym- 
bols 21 , 24 and 27 are transmitted in the same second 
timepolnt and the pilot symbols 22, 25 and 28 are trans- 
mitted in the same third timepoint. Thus, always the 
same frequency subcarriers are used for the transmis- 
sion of the pilot symbols and the transmission of the pilot 
symbols in the respective subcarriers always takes 
place at equidistant timepoints. Such a pilot symbol pat- 
tern is known from prior art OFDM systems. On the re- 
ceiving side, the channa! estimation for the data sym- 
bols between adjacent pilot symbols (in frequency and 
time) is performed by e.g. linear interpolation. For ex- 
ample, for the data symbols between the pilot symbols 
20 and 21 in the same frequency subcarrier, a linear in- 
terpolation of the pilot symbols 20 and 21 is performed 



on the receiving side. For the data symbols between the 
adjacent pilot symbols 20 and 23 received at the same 
timepoint but in different frequency subcarriers, a linear 
interpolation is also performed. For data symbols in fre- 
5 quency subcarriers, in which no pilot symbols are trans- 
mitted, a combination of a time and a frequency inter- 
polation of the respective adjacent pilot symbols is per- 
formed. 

[0026] Figure;3B shows also a regular distribution of 
10 the first pilot symbols to be transmitted by the first an- 
tenna 5 of the base station 1 . The difference to the pilot 
symbol pattern of figure 3A is here that the (in time) suc- 
ceeding pilot symbols are not transmitted in the same 
frequency subcarrier as the preceding pilot symbol, but 
is in the immediately adjacent subcarrier. For example, the 
pilot symbol 31 is not transmitted in the same frequency 
subcarrier as the preceding pilot symbol 30, but the im- 
mediately adjacent (lower) frequency subcarrier. This 
pilot symbol pattern may allow a more accurate channel 
20 estimation for data symbols of frequency subcarriers, in 
which no pilot symbols are transmitted. Identical to the 
pilot symbol pattern proposed in figure 3 A. the pilot sym- 
bols of the pilot symbol pattern proposed in figure 3B 
are also transmitted at identical timepoints. Thus, pilot 
25 symbols 30, 34 and 38 are transmitted at the first iden- 
tical timepoint, pilot symbols 31 , 35 and 39 are transmit- 
ted at the same second timepoint, pilot symbols 32, 26 
and 40 are transmitted at the same third timepoint and 
pilot symbols 33, 37 and 41 are transmitted at the same 
30 fourth timepoint. 

[0027] Figure 4 comprises two figures 4A and 4B, 
whereby figure 4A shows the pilot symbol pattern for the 
second pilot symbols to be transmitted by the second 
antenna 6 of the base station 1 , which corresponds to 
35 the pilot symbol pattern of the first pilot symbols shown 
in figure 3A. As can be seen, also the pilot symbol pat- 
tern of figure 4A shows a very regular distribution of pilot 
symbols 42, 43, 53 in frequency and time. The sec- 
ond pilot symbols are always transmitted in the same 
40 frequency subcarrier and at the same timepoint as the 
corresponding first pilot symbol. For example, the sec- 
ond pilot symbol 42 is transmitted in the same frequency 
subcarrier and at the same timepoint as the correspond- 
ing first pilot symbol 20. The second pilot symbol 43 is 
43 transmitted in the same frequency subcarrier and at the 
same timepoint as the first pilot symbol 21 . The second 
pilot symbol 46 corresponds to the first pilot symbol 23, 
the second pilot symbol 50 corresponds to the first pilot 
symbol 26 and so on. Thereby, the second pilot symbols 
so of the pilot symbol pattern in figure 4A are artematingly 
identical and orthogonal to the corresponding first pilot 
symbols of the pilot symbol pattern shown in figure 3A. 
The second pilot symbols 42, 44, 47, 50 and 52 are iden- 
tical to their corresponding first pilot symbols 20, 22, 24, 
55 26 and 28. However, every other second pilot symbol 
(in time and frequency dimension) is the inverse com- 
plex value of the corresponding first pilot symbol. For 
example, a second pilot symbol 43 is the inverse com- 
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plex value of the first pilot symbol 21 , the second pilot 
symbol 46 is the inverse complex value of the first pilot 
symbol 23. The same is true for the second pilot symbol 
48 and the first pilot symbol 25 and the second pilot sym- 
bol 51 °and the first pilot symbol 27. Thus compares of 5 
adjacent second pilot symbols, as e.g. the second pilot 
symbols 42 and 43 as well as the second pilot symbols 
42 and 46 are orthogonal to the corresponding pairs of 
the first pilot symbols, e.g. first pilot symbol 20 and 21 
or first pilot symbol 20 and 23. Thus, orthogonality in the w 
frequency as well as in the time dimension is ensured. 
[0028] The same is essentially true for the pilot sym- 
bol pattern shown in figure 4B, which corresponds to the 
pilot symbol pattern shown in figure 3B. Similarly, the 
pilot symbols of the pilot symbol pattern shown in figure is 
4B are altematingfy identical and orthogonal (inverse 
complex) to the corresponding first pilot symbols shown 
in figure 3B. 

[0029] The pilot symbol scheme proposed by the 
present invention can be applied to any linear channel 20 
estimation algorithm in wireless OFDM communica- 
tions. For the sake of clarity, a simple two pilot symbol 
average based channel estimation algorithm for the pilot 
symbol patterns of figure 3A and figure 4A is used as 
an example in the following further detailed description. 25 
[0030] Assuming that the complex values of all first 
pilot symbols 20, 21 , 28 and the corresponding sec- 
ond pilot symbols having the identical value, i.e. second 
pilot symbols 42, 44, 47, 50, 52, is A. The complex 

valueofthesecondpilotsymbols43,46,48,51 hav- 30 

ing a corresponding orthogonal value is then -A. For all 
the data symbols between the succeeding pilot symbols 
20 and 21 or 42 and 43, respective channel estimation 
values for the first (non-diversity) antenna 5 and the sec- 
ond (diversity) antenna 6 should be obtained reliably so 35 
that the STTD scheme can be applied. 
[0031] As stated above, the antenna 11 and the re- 
ceiving means 12 of the mobile terminal 10 receive the 
first and the second pilot symbols as superimposed or 
combined pilot symbols. Thus, let y t and y 2 be the re- 40 
ceived values from the first 20, 21 and the second 42, 
43 pilot symbols. Since the time delay between the first 
and the second antenna 5, 6 is negligible, the following 
equations are valid: 



value "A", h 2 is the channel transfer function from the 
first antenna 5 to the receiving antenna 11 for the first 
pilot symbol 21 with value "A", and h 2 is the channel 
transfer function from the second antenna 6 to the re- 
ceiving antenna 11 for the corresponding second pilot 
symbol 43 with value "-A". n 1 and n 2 are the noise val- 
ues. If y 1 +y 2 is used as the channel estimation for the 
first (non-diversity) antenna 5 and y r y 2 is used as the 
channel estimation for the second (diversity) antenna 6, 
the signals from the first and the second antenna can 
be differentiated, the cross-interference can be eliminat- 
ed and a reliable channel estimation for both antennas 
5 and 6 can be obtained in the processing means 14 of 
the mobile terminal 1 0, if the channel transfer function 
is assumed to be kept fixed within the interval between 
the preceding and the succeeding pilot symbols across 
the time dimension, i.e. h 1 = h 1 and h 2 = h 2 . 
[0032] Thus, in the mobile temiinal 1u the signals from 
the first and the second transmitting antenna 5, 6 can 
be differentiated and consequently a separate channel 
estimation for each antenna5, 6can be achieved. Since 
the pilot patterns of the first and the second pilot symbols 
are orthogonal, the cross-interference from the first and 
the second antenna 5 and 6, can be eliminated. Thus, 
a STTD scheme can be used in a high data rate OFDM 
wireless communication system. It is to be noted, that 
the idea of the present invention can also be applied to 
OFDM based broadband radio access networks 
(BRAN), like HIPERLAN Type 2 systems. In this case, 
the pilot symbols are transmitted in preamble parts of a 
respective data burst comprising a preamble part and a 
data part. The pilot symbols comprised in the respective 
preambles should be alternatively identical and orthog- 
onal for the two transmitting antennas. 



45 



y 1 = A x hj + A x h 2 + n 1 



and 



so 



y 2 = A x h 2 - A x h 2 + n 2 , 

whereby h^ is the channel transfer function from the first 
antenna 5 to the receiving antenna 1 1 for the first pilot 
symbol 20 with value "A", h 2 is the channel transfer func- 
tion from the second antenna 6 to the receiving antenna 
1 1 for the corresponding second pilot symbol 42 with 



55 



Claims 



1. 



Transmitting device for transmitting signals in a 
wireless orthogonal frequency division muftiplex 
(OFDM) communication system with space time 
transmit diversity (STTD), comprising 

encoding means (2) for encoding a data stream 
on the basis of a STTD scheme and outputting 
a first and a second STTD encoded data 
stream, 

a first (5) and a second (6) antenna means for 
transmitting the data of said first and said sec- 
ond data stream, respectively, in OFDM sig- 
nals, said first (5) and said second (6) antenna 
means being arranged spaced apart from each 
other in a space diversity arrangement, 
pilot symbol generating means (2) for generat- 
ing pilot symbols to be transmitted among said 
data of said first and second data stream, 
whereby first pilot symbols are transmitted via 
said first antenna (5) and second pilot symbols 
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are transmitted via said second antenna (6), 
some of said second pilot symbols being or- 
thogonal to corresponding ones of said first pi- 
lot symbols. 

5 

2. Transmitting device according to claim 1 , 
characterized In, 

that corresponding first (20; 21) and second (42; 
43) pilot symbols have the same frequency and time 
allocation in the OFDM system. 10 

3. Transmitting device according to claim 2, 
characterized in, 

that corresponding first and second pilot symbols 
having the same frequency and time allocation are 
alternatively identical (20; 42) and orthogonal (21 ; 
43) to each other In the frequency as well as in the 
time dimension. 

4. Transmitting device according to claim 1 , 2 or 3, 20 
characterized in, 

that pairs of first (20; 21) pilot symbols being adja- 
cent in the time dimension are respectively orthog- 
onal to the corresponding pairs (42; 43) of second 
pilot symbols. 25 

5. Transmitting device according to one of the claims 
1 to 5, 

characterized in, 

that pairs (20; 23) of first pilot symbols being adja- 30 
cent in the frequency dimension are respectively or- 
thogonal to the corresponding pairs (40; 46) of sec- 
ond pilot symbols. 

>. Transmitting device according to one of the claims 35 
1 to 5 , 

characterized In, 

that the first and the second pilot symbols have a 
regular distribution in the time and the frequency di- 
mension, whereby the second pilot symbols alter- 40 
nately have the identical and the inverse complex 
value of the corresponding first pilot symbol in the 
time as well as in the frequency dimension. 

Base station (1 ) of a wireless orthogonal frequency 45 
division multiplex (OFDM) communication system, 
comprising a transmitting device according to one 
of the claims 1 to 6. 

. Receiving device for receiving signals in a wireless so 
orthogonal frequency division multiplex (OFDM) 
communication system with space time transmit di- 
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a single antenna means (11 ) for receiving STTD en- 
coded signals transmitted from a first (5) and a sec- 
ond (6) space diversity antenna means of a trans- 
mitting device of the OFDM communication system, 
said first (5) and said second (6) space diversity an- 
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tenna means transmitting corresponding pilot sym- 
bols in said STTD encoded signals, whereby at 
least a part of the pilot symbols transmitted from the 
second antenna means (6) is orthogonal to corre- 
sponding pilot symbols transmitted from the first an- 
tenna means (5), processing means (24) for detect- 
ing pilot symbols in the received STTD encoded sig- 
nals, for processing detected pilot symbols and per- 
forming a channel estimation on the basis of said 
processing to separately determine the transmis- 
sion quality of STTD encoded signals transmitted 
from said first (5) and said second (6) antenna 
means, respectively. 

Receiving device according to claim 8, 
characterized in, 

that said first (20; 21 ) and second (42; 43) pilot sym- 
bols transmitted from said first and second antenna 
means have the same frequency and time alloca- 
tion in the OFDM system and are alternatively iden- 
tical (20; 42) and orthogonal (21 ; 43) to each other 
in the frequency as well as in the time dimension, 
whereby adjacent pairs of pilot symbols are proc- 
essed to determine the transmission quality. 



10. Receiving device according to claim 8 or 9, 
characterized in, 

that the second pilot symbols alternately have the 
identical and the inverse complex value of the cor- 
responding first pilot symbol in the time as well as 
in the frequency dimension so that the processing 
and the channel estimation is performed on the ba- 
sis of an addition and a subtraction calculation of 
received pilot symbols. 

11 . Receiving device according to claim 1 0, 
characterized in, 

that, on the basis of the channel estimation result, 
either the STTD encoded signals from the first an- 
tenna means (5) or from the second antenna means 
(6) are further processed. 

12. Mobile terminal of a wireless orthogonal frequency 
division multiplex (OFDM) communication system, 
comprising a receiving device according to one of 
the claims 8 to 11, 

13. Channel estimation method for performing a chan- 
nel estimation in a wireless orthogonal frequency 
division multiplex (OFDM) communication system 
in which a transmitting device comprising a first and 
a second antenna transmits signals with space time 
transmit diversity (STTD), said first and said second 
antenna means being arranged spaced apart from 
each other in a space diversity arrangement, com- 
prising the steps of 

transmitting first and second pilot symbols via 
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said first and said second antenna means, re- 
spectively, some of said second pilot symbols 
being orthogonal to corresponding ones of said 
first pilot symbols, 

receiving said pilot symbols in a single antenna s 
of a receiving device, 

processing received pilot symbols and perform- 
ing a channel estimation on the basis of said 
processing to separately determine the trans- 
mission quality of STTD encoded signals trans- 10 
mitted from said first and said second antenna 
means, respectively. 

14. Channel estimation method according to claim 13, 
characterized in, 15 
that said first and second pilot symbols transmitted 
from said first and second antenna means have the 
same frequency and time allocation In the OFDM 
system and are alternatively identical and orthogo- 
nal to each other in the frequency as well as in the 20 
time dimension, whereby adjacent pairs of pilot 
symbols are processed to determine the transmis- 
sion quality. 

15. Channel estimation method according to claim 13 25 
or 14, 

characterized in, 

that the second pilot symbols alternately have the 
identical and the inverse complex value of the cor- 
responding first pilot symbol in the time as well as 30 
in the frequency dimension so that the processing 
and the channel estimation is performed on the ba- 
sis of an addition and a subtraction calculation of 
received pairs of pilot symbols. 

35 

16. Channel estimation method according to claim 13, 
14 or 15, 

characterized in, 

that, on the basis of the channel estimation result, 
either the STTD encoded signals from the first an- 40 
tenna means or from the second antenna means 
are further processed in the receiving device. 
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